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Low-melting salts containing lipophilic quaternary organic cations, ionic liquids, 
have attracted much interest in the area of electrochemistry as well as novel solvents and 
reaction media. These fluids consisting of only ions were found to have no detectible 
equilibrium vapor pressure. In recognition of this remarkable property they were termed 
as environmentally benign or "green" solvents. Many classical organic reactions were 
successfully modeled and often optimized in these media.  
The first generation of ionic liquids comprised mainly the derivatives of inorganic 
halogen-ligated ate-complexes such as BF4\, PF6\ and AlCl4\ as the anionic moieties. 
These anions, especially the latter two, are prone to releasing harmful and corrosive HF 
and HCl upon interaction with traces of moisture which in turn imposes significant 
restrictions on applications of the corresponding ionic liquids. Moreover, uncontrolled 
halogenide content often affects and/or deteriorates transition metal catalysis. 
To circumvent these difficulties, other types of anions were introduced including 
n-alkyl sulfates, trifluoromethanesulfonates, bis(trifluoromethanesulfonyl)imides and 
tetraalkylborates. Alternative alkylating reagents, alkyl sulfates and sulfonates were 
employed in place of "traditional" alkyl halogenides for synthesis of the 
N,N'-dialkylimidazolium moieties in order to completely eliminate the possibility of 
generating heavy halogenides (Cl\, Br\, I\). Special attention has been paid to ionic 
liquids containing N,N'-dialkylimidazolium cations combined with fluoroanions. As 
recently reviewed, much diversity and availability of fluorine-containing anions ensure a 
broad range of properties and applications of the respective ionic liquids. Recently, 
 vi
N,N'-dialkylimidazolium bis(trifluoromethanesulfonyl)imides have received interest as 
remarkably thermo- and chemically stable ionic liquids. In this respect, the anions 
combining high stability of bis(trifluoromethanesulfonyl)imide with much higher 
hydrophobicity due to higher fluorine content are of interest for design of novel ionic 
liquids as special solvent components for bi- and triphasic solvent systems. Herein, I 
report in this thesis the synthesis and properties of N,N'-dialkylimidazolium 
bis(nonafluorobutane-1-sulfonyl)imides (1 and 3) and N,N'-dialkylimidazolium 




1: R1 = CH3, X = NNf2
2: R1 = CH3, X = ONf
3: R1 = CH3(CH2)2, X = NNf2
1-3 Nf: CF3(CF2)3SO2
 
Figure (a). A representation of the ionic liquids synthesized and described in this thesis. 
 
My thesis involved the one-pot synthesis of ionic liquids starting from affordable 
commercial precursors: nonafluorobutan-1-sulfonyl fluoride, tertiary nitrogen bases, and 
alkylating reagents. This approach would lead to a series of new chemically and 
thermally stable ionic liquids under straightforward one-pot protocol. 
A series of N,N'-dialkylimidazolium bis(nonafluorobutane-1-sulfonyl)imides was 
synthesized in high yields by quaternization of imidazole derivatives with various readily 
available alkylating reagents, followed by anion exchange with highly stable and non-
hygroscopic potassium bis(nonafluorobutane-1-sulfonyl)imide. The latter was obtained 
by an improved method starting from ammonium chloride and nonafluorobutane-1-
 vii
sulfonyl fluoride. The quaternary imidazolium salts thus obtained constitute a new 
subfamily of thermally stable and remarkably hydrophobic ionic liquids with melting 
points in the range 0–40°C and solubilities in water and organic solvents (aromatic 
hydrocarbons, dialkyl ethers) in the range of 0.5–1.5 wt.%. The ionic liquids can be 
easily purified from ionic byproducts (e.g. halogenide salts) by aqueous extraction 
followed by thorough drying in a high vacuum without loss of yield.  
Due to the above features, these new ionic fluids may be considered as promising 
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Ionic liquids, consisting of only ions, were found to have no detectible 
equilibrium vapor pressure.1, 2 In recognition of this remarkable property, they were 
termed as environmentally benign or "green" solvents3 thus reflecting on a perpetual 
major drive in industry and academia to search for environmentally friendly 
alternatives to replace volatile organic solvents which often produce hazardous 
vapors. As a result, ionic liquids not only found promising applications in the areas of 
electrochemistry and catalysis, they also attracted much interest as novel solvents and 
reaction media.3,4 Many classical organic reactions were successfully modeled and 
often optimized in these media.5  
 
1.2. What are ionic liquids? 
Ionic liquids, or molten salts,6 a more common term used especially in earlier 
literatures,7 are generally defined as liquid electrolytes that composed entirely of ions. 
In a broad sense, this definition would include pure inorganic compounds (sodium 
chloride, mp 800.7oC), 8  organic compounds (tetrabutylammonium bromide, mp 
103oC),4f and even eutectic mixtures of inorganic salts (lithium chloride-potassium 
chloride, 6:4, mp 352oC),4f and organominerals (triethylammonium chloride-copper 
chloride, 1:1, mp 25oC).9 The term “molten salts” is used less frequently in the current 
field of ionic liquids; instead it is generally used to refer to salts with melting points of 
over 100oC. Today, the term “ionic liquids” is commonly used for relatively low 
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melting salts (figure 1.1).10 Of particular interest are those salts which are liquids at 
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Reactive to water






Figure 1.1. A representation of the cations and anions that are commonly used in the preparation of 
ionic liquids. 
 
1.3. Historical development of ionic liquids 
Room temperature ionic liquids are not something new; some of them have 
been known for many years, for instance the first room temperature ionic liquid 
ethylammonium nitrate (mp 12oC) was first described in 1914.11 However this did not 
trigger much interest in ionic liquids until the development of binary ionic liquids 
from mixtures of aluminium (III) chloride and N-alkylpyridinium chloride in the late 
1940’s by Hurley and Wier,12 or N,N'-dialkylimidazolium chloride in the late 1980’s 
by Wilkes and coworkers,13 with the latter producing ionic liquids of lower melting 
points. These binary ionic liquids contain chloroaluminate anions (AlCl4\ or Al2Cl7\) 
and proved to be useful catalysts/solvents for Friedel-Crafts acylations. 14  The 
combination of N,N'-dialkylimidazolium chloride with aluminium(III) chloride at 
various molar fractions produces ionic liquids with varying physical and chemical 
properties. Hence, it became possible to prepare ionic liquids with melting points that 
Cl\/[AlCl3] 
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range way below 0oC while retaining relatively low viscosity;15 this renders the ionic 
liquids as possible alternatives to organic solvents for synthesis. In addition, these 
organoaluminate ionic liquids exhibit donor and acceptor patterns; by altering the 
relative amount of the aluminium compound, the Lewis acidity of the ionic liquids 
can be modulated. Such capacity to prepare ionic liquids in neutral, acidic or basic 
form was soon exploited in organic synthesis and catalysis.4f However, these N-
alkylpyridinium and imidazolium-based chloroaluminate ionic liquids are quite 
sensitive to atmospheric moisture and are prone to releasing harmful and corrosive 
hydrogen chloride upon hydrolysis which in turn imposes significant restrictions on 
the applications of the corresponding ionic liquids. Moreover, uncontrolled 
halogenide content often affects and/or deteriorates transition metal catalysis.4g  
The next breakthrough in the development of ionic liquids was perhaps 
initiated by Zaworotko with his synthesis of air and water-stable ionic liquids in the 
1990’s;16 these ionic liquids consist of tetrafluoroborate (BF4\), hexafluorophosphate 
(PF6\), nitrate (NO3\), sulphate (SO4\), and acetate (CH3CO2\) anions. 
Subsequently, N,N'-dialkylimidazolium salts containing a wide variety of anions such 
as trifluoromethanesulfonates (CF3SO3\), bis(trifluoromethanesulfonyl)imides 
[(CF3SO2)2N\], n-alkyl sulfates (RSO4\), sulfonates (RSO3\), and many more has 
been prepared as alternative alkylating reagents in place of the "traditional" alkyl 
halogenides for the synthesis of N,N'-dialkylimidazolium moieties in order to 
completely eliminate the possibility of generating heavy halogenides (Cl\, Br\, I\).4f 
Special attention has also been paid to ionic liquids containing N,N'-
dialkylimidazolium cations combined with fluoroanions. As recently reviewed, 17 
much diversity and availability of fluorine-containing anions ensure a broad range of 
properties and applications of the respective ionic liquids. Recently, 
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N,N'-dialkylimidazolium bis(trifluoromethanesulfonyl)imides have attracted a special 
interest as ionic liquids for the remarkable thermal and chemical stability thereof.17,18 
In this respect, the anions combining high stability of 
bis(trifluoromethanesulfonyl)imide with much higher hydrophobicity due to higher 
covalent fluorine content are gaining greater importance in design of novel ionic 
liquids as orthogonal media for biphasic and triphasic solvent systems. This boost of 
interest is clearly due to the realization that these ionic liquids, originally invented for 
specialized electrochemical applications, may have much greater utility as reaction 
solvents. 
 
1.4. Synthesis of ionic liquids 
One important consideration in the synthesis of ionic liquids is the 
maintenance of their high purity. As they in general cannot be purified by 
conventional distillation, it is important to remove impurities from the starting 
materials whenever possible, by distillation of the alkylating reagents, or by 
recrystallization of the crystalline ionic precursors. Only those synthetic methods are 
employed in the synthesis of ionic liquids that generate no side products or if side 
products / unreacted starting materials are easily removed by means of simple 
extraction or evaporation in vacuum.  
In general, the synthesis of ionic liquids consists of two steps: the formation of 
the desired cations, followed by an anion exchange whenever necessary to form the 
desired product (scheme1.1). 19  This thesis will focus on the preparation of ionic 
liquids based on N,N’-dialkylimidazolium cations as these have dominated the area 
for the last twenty years. 
 













i or ii or iii
 
 
Scheme 1.1. A standard schematic route towards the synthesis of 1-alkyl-3-methylimidazolium-based 
ionic liquids via quarternization of N-alkyl imidazole, followed by anion exchange with i: NaBF4, ii: 
AlCl3, and iii: LiNTf2 [where NTf2 is (CF3SO2)2N], providing hydrophilic, Lewis-acidic, and 
hydrophobic ionic liquids respectively. This method is also widely applicable to other types of cations, 
notably the pyridinium systems. 
 
Although the synthesis in scheme 1.1 appears to be very straightforward, the 
reaction does not always go to completion which entails a necessity to remove the salt 
by-product (scheme 1.2) and to purify the salt product from the unreacted starting 
materials.5b There are several existing techniques to avoid the formation of halide 












i or ii + X Cl
 
Scheme 1.2. Methods to reduce chloride salt contaminations in the synthesis of 1-alkyl-3-








X = BF4, Y = (CH3)2O
X =CF3SO3, Y = no side products
i or ii + Y
 
Scheme 1.3. Routes to ‘halide-’ or ‘side-product free’ imidazolium salts with i: (CH3)3OBF422, and ii: 
CF3SO3CH319 respectively. 
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By far, the most common starting material is N-methylimidazole. This 
chemical is commercially available at a reasonable price and provides access to the 
majority of the cations that could be considered for various applications. As there is a 
limited range of other N-substituted imidazoles that are commercially available and 
many of which are relatively expensive, N-alkylimidazoles are commonly synthesized 







Scheme 1.4. Synthesis of N-alkylimidazoles.1 
 
 
The combination of the reaction shown in scheme 1.4 with the wide range of 
commercially available alkylating reagents permits the formation of an extensive 
array of possible starting materials for ionic liquids.  
 
1.5. Physical properties of ionic liquids 
Physical properties such as thermal stability, melting and boiling points, 
polarity, viscosity and density of a solvent are essential to assess a solvent’s suitability 
for a particular reaction. Ionic liquids are infamous for their glass-like behavior – the 
determination of their melting points can be truly problematic. 23  Moreover, the 
impurities present in ionic liquids can seriously alter their physical characteristics, 
thereby giving rise to various conflicting reports on these physical data. 
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It is well known that the characteristic properties of ionic liquids can vary with 
the choice of cations and anions; the structure of the ionic liquids directly affects their 
physical properties. The size of the ions, and the intensity and distribution of the 
charges on the respective ions are the main factors that influence these characteristics; 
this would determine their suitability as reaction solvents. In this respect, by 
modifying the structures of the cations and anions, one would expect to “tailor” the 
characteristics of the ionic liquids for specific purposes. 
 
1.5.1. Effect of ion structures on the melting points and viscosity of ionic liquids 
Though the prediction of the melting point of any cation-anion combination 
remains elusive and the very low melting points of some ionic liquids may not yet be 
fully understood, nevertheless some trends appear to have emerged (see table 1.1).  
Generally, the lower melting point of an ionic liquid can be brought about by 
distortion of the regular packing of the ionic species in its solid state lattice; lower 
lattice energy translates into a lower melting point. Consequently, large ions with 
small charges tend to produce reductions in melting points when charges are 
delocalized more efficiently over several atoms, or when the charges are shielded 
such that the counter ions cannot approach the charges closely, i.e. the alkyl-shielding 
effect. The lack of symmetry in the cation can also reduce the melting point as it 
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TABLE 1.1. A comparison of some of the important physical properties of some known N-N'-
dialkyllimidazolium based cations where the anionic moieties are; (i) chlorides, (ii) bromides, (iii) 
iodides, (iv) hexafluorophosphate, (v) tetrafluoroborate, (vi) triflates, (vii) nonaflates, (viii) 











(i) where X = Cl, 
 
 
R1 R2 R3 Mpa (oC) Tdb (oC) ρc(gcm-3) V d (cP) 
CH3 H CH3 71–7324 – – – 
C2H5 H CH3 87–87.825 28526 – – 
CH3(CH2)2 H CH3 – 28226 –  
CH3(CH2)3 H CH3 68.827 25426 1.08 (25oC)26 – 
CH3(CH2)5 H CH3 – 25326  1.03 (25oC)26  716 (25oC)26  
CH3(CH2)7 H CH3 12.2627 24326  1.00 (25oC)26  337 (25oC)26  
CH3(CH2)9 H CH3 38.0227 – – – 
CH3(CH2)11 H CH3 96.6327 – – – 
PhCH2 H PhCH2 119–12228 – – – 
Ph2CH H Ph2CH 199–20029 – – – 
Where a Mp = melting point, b Td = decomposition temperature, c ρ = density and d V = viscosity 
 
(ii) where X = Br, 
 
R1 R2 R3 Mpa (oC) Tdb (oC) ρc (gcm-3) V d (cP) 
CH3 H CH3 109–11030 – – – 
C2H5 H CH3 74.531 – – – 
CH3(CH2)2 H CH3 35.331  – – – 
CH3(CH2)3 H CH3 77.631  2245a – 1462 (22 oC)32 
Where a Mp = melting point, b Td = decomposition temperature, c ρ = density and d V = viscosity 
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(iii) where X = I, 
 
R1 R2 R3 Mpa (oC) Tdb (oC) ρc (gcm-3) V d (cP) 
CH3 H CH3 9033 – – – 
C2H5 H CH3 79–8034 30326  – – 
CH3(CH2)3 H CH3 -7226  26526  1.44 (25oC)26 1110 (25oC)26  
PhCH2 H CH3 6335 – – – 
PhCH2 H C2H5 82.5–8336 – – – 
Where a Mp = melting point, b Td = decomposition temperature, c ρ = density and d V = viscosity 
 
(iv) where X = PF6, 
 
R1 R2 R3 Mpa (oC) Tdb (oC) ρc (gcm-3) V c (cP) 
CH3 H CH3 8937 – – – 
C2H5 H CH3 7037 37526 – – 
CH3(CH2)2 H CH3 4337 33526 1.33 (20oC)1 – 
(CH3)2CH H CH3 10226 – – – 
CH3(CH2)3 H CH3 1026  34926 1.36 (25oC)26  450 (25oC)26  
CH3(CH2)5 H CH3 7337  417 26 1.29 (25oC)26 585 (25oC)26 
CH3(CH2)7 H CH3 4737  37626 1.22 (25oC)26 682 (25oC)26 
CH3(CH2)9 H CH3 1137 – – – 
C2H5 H C2H5 7037 – – – 
CH3(CH2)2 H CH3(CH2)2 4337 – – – 
CH3(CH2)5 H CH3(CH2)5 7337 – – – 
CF3CH2 H CH3 7538 – – – 
CF3(CH2)2 H CH3 6138 – – – 
CF3(CH2)2 H CH3(CH2)3 6838 – – – 
CF3(CF2)9 H CH3(CH2)3 9739 – – – 
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(v) where X = BF4, 
 
R1 R2 R3 Mpa (oC) Tdb (oC) ρc (gcm-3) V c (cP) 
CH3 H CH3 103.440 – – – 
C2H5 H CH3 1331  44731 1.28 (25oC)31   37 (25oC)31 
CH3(CH2)2 H CH3 -1731  43531  1.24 (25oC)31  103 (25oC)31 
CH3(CH2)3 H CH3 -8126 43531  1.21 (25oC)31 180 (25oC)31 
CH3(CH2)5 H CH3 -8241 – – 314 (20oC)26 
CH3(CH2)7 H CH3 -785b – – – 
CH3(CH2)9 H CH3 -4 5b – – – 
Where a Mp = melting point, b Td = decomposition temperature, c ρ = density and d V = viscosity 
 
(vi) where X = CF3SO3 , 
 
R1 R2 R3 Mpa (oC) Tdb (oC) ρc (gcm-3) V d (cP) 
CH3 H CH3 3918 – – – 
C2H5 H CH3 926 ~44026  1.38 (25oC)17 42.7 (25oC)17 
CH3(CH2)3 H CH3 1342 – 1.30 (22.6oC)42 93.2 (22oC)32 
PhCH2 H CH3 2743 – 1.3 (22.6oC)43 – 
C2H5 H C2H5 2318 – 1.330 (22oC)18 53 (20oC)18 
CH3(CH2)3 H C2H5 218 – – – 
CF3CH2 H CH3 4538 – – – 
CF3(CH2)2 H CH3 5138 – – – 
CF3(CH2)2 H CH3(CH2)3 -6438 – 1.52 (24oC)38 – 
CH3 CH3 CH3 12944 – – – 
C2H5 CH3 CH3 11344 – – – 
C2H5 C2H5 CH3 11318 – – – 
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(vii) where X = CF3(CF2)3SO3, 
 
R1 R2 R3 Mpa (oC) Tdb (oC) ρc (gcm-3) V d (cP) 
C2H5 H CH3 2826 – – – 
CH3(CH2)3 H CH3 2017 – 1.473 (18oC)17 373 (25oC)26  
CH3(CH2)3 H C2H5 2117 – 1.427 (18oC)17 323 (18oC)17 
CH3(CH2)3 CH3 CH3 59–6145 – – – 
Where a Mp = melting point, b Td = decomposition temperature, c ρ = density and d V = viscosity 
 
(viii) where X = (CF3SO2)2N, 
 
R1 R2 R3 Mpa (oC) Tdb (oC) ρc (gcm-3) V d (cP) 
CH3 H CH3 2546 44546 1.559 (22oC)17 44  (20oC)17 
C2H5 H CH3 -1746 43846 1.52 (25oC)47 34 (25oC)47 
CH3(CH2)2 H CH3 – 45226 – – 
CH3(CH2)3 H CH3 -242 43926 1.44 (23.3oC)42 50.2 (22oC)32 
CH3(CH2)7 H CH3 – – 1.337 (21.85oC)48 92.7 (24.85oC)49 
CH3(CH2)9 H CH3 -2950 – 1.271 (25oC)50 – 
C2H5 H C2H5 1418 – 1.452 (22oC)18 35 (20oC)18 
CH3(CH2)3 H C2H5 e18 – 1.404 (22oC)18 48 (20oC)18 
C2H5 CH3 CH3 2017 – 1.495 (21oC)17 88 (20oC)17 
C2H5 C2H5 CH3 2818 – – – 
CF3CH2 H CH3 e18 – 1.656 (20oC)17 248 (20oC)17 
CF3(CH2)2 H CH3 -7438 – 1.44 (24oC)38 – 
Where a Mp = melting point, b Td = decomposition temperature, c ρ = density, d V = viscosity, e could not be 
crystallized. 
 
(ix) where X = [CF3(CF2)3SO2]2N, 
 
R1 R2 R3 Mpa (oC) Tdb (oC) ρc (gcm-3) V d (cP) 
CH3 H CH3 6946 39746 – – 
C2H5 H CH3 3146 40846 – – 
Where a Mp = melting point, b Td = decomposition temperature, c ρ = density and d V = viscosity 
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In addition to the structure of cation, the type of anion present also has a 
pronounce influence on the physical properties of ionic liquids; as the size of the 
anion increases from inorganic halides to water-stable PF6\ to hydrophobic NTf2\, 
the increased delocalization of the small charges over a more extensive array of 
atoms, together with the alkyl shielding effect results in a low-melting salt. In this 
respect, ionic liquids with large cations in addition to large anions should have even 
lower melting points. Asymmetry in the cations should also result in lower melting 
temperatures, possibly leading to a relatively high viscosity of ionic liquids at low 
temperatures which inhibits crystallization and promotes glass formation. 
It is clear from the tables that ionic liquids are much more viscous as 
compared to most molecular solvents (compare with table 1.2). Depending on the 
symmetry of the ions, ionic liquids viscosity at room temperature can range from as 
low as 10 cP to above 500 cP. Within a series of ionic liquids with the same cation, a 
change in the anionic moiety clearly affects the viscosity: generally, the increase in 
viscosity of the ionic liquids can be brought about with the variation of the anions in 
the following order [(CF3SO2)2N\] < (CF3SO3\) < (BF4\) < (CF3(CF2)3SO3\) < 
(PF6\). Noticeably, this trend does not exactly correlate with the anion size, and it is 
very likely that other effects, such as their ability to form hydrogen bonds with the 
cation,1 may have varying contributions to the overall viscosity of the ionic liquids. 
 
1.5.2 Liquidus range of ionic liquids 
One essential feature that ionic liquids possess is that they have a very wide 
liquidus range; one that is commonly stretched to beyond 300oC. No molecular 
solvent, except perhaps some liquid polymers, can match the liquidus range of ionic 
liquids. Water, for instance, has a liquidus range of 100oC (0 to 100oC), while 
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dichloromethane has one of 137.2oC (-97.2 to 40oC). The lower temperature limit is 
the solidification of the liquids, which is governed by the structures and the 
interactions between ions, while the upper liquidus limit is that of the vaporization of 
organic solvents, or thermal decomposition in the case of ionic liquids. Table 1.2 
summarizes some of the important physical properties and liquidus range of some 
commonly used solvents. 
 
TABLE 1.2. A comparison of the physical properties of some commonly used solvents.51  
 
Mol. Form. Name Mpa /Bpb  (oC) Liq. Rangec (oC) V d (cP) 
H2O Water 0/100.0 100.0 0.890 
CHCl3 Trichloromethane -63.4/61.2 124.6 0.537 
CH2Cl3 Dichloromethane -97.2/40 137.2 0.413 
CH3OH Methanol -97.5/64.6 162.1 0.544 
CH3CN Acetonitrile -43.8/81.7 125.5 0.369 
C2H5OH Ethanol -144.1/78.3 222.4 1.074 
(CH3)2SO Dimethyl sulfoxide 17.9/189 171.1 1.987 
(HOCH2)2 Ethylene glycol -12.7/197.3 210.0 16.1 
(CH3)2CO Acetone -94.7/56.1 150.8 0.306 
(CH3)2NCO N,N-Dimethylformamide -60.5/153 213.5 0.794 
HOCH(CH2OH)2 Glycerol 18.1/290 271.9 934 
C4H8O Tetrahydrofuran -108.4/65 173.4 0.456 
CH3CO2C2H5 Ethyl acetate -83.8/77.1 160.9 0.423 
(C2H5)2O Diethyl ether -116.2/34.5 150.7 0.224 
C6H6 Benzene 5.5/80.1 74.6 0.604 
C6H14 Hexane -95.4/68.7 134.1 0.300 
C6H5CH3 Toluene -95.0/110.6 205.6 0.560 
Where a Mp = melting point, b Bp = boiling point, and c Liq. Range = liquidus range, d viscosity at 25oC 
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What makes ionic liquids especially important in the field of organic 
chemistry as a reaction media is that the liquidus range of most ionic liquids lies 
conveniently in the temperature scale where they are most needed – from a relatively 
low temperature of -10oC, some ionic liquids are capable of maintaining their 
liquidity to a temperature way beyond 200oC! 
 
1.5.3 Upper temperature limit of ionic liquids 
Ionic liquids have little or no measurable vapor pressure. In contrast to 
molecular solvents, the upper liquidus limit for ionic liquids is usually that of thermal 
decomposition, rather than vaporization. The nature of the ionic liquids, containing 
organic cations, would normally restrict the upper stability temperatures whereby 
decomposition generally occurs between 350-450oC. In most conditions, 
decomposition occurs with complete mass loss and vaporization of the component 
fragments. Likewise, the decomposition temperatures of the ionic liquids vary with 
anion type and follow a general stability order of Cl\ < BF4\ < PF6\ < AlCl4\ < 
NTf2\, so that ionic liquids containing weakly coordinating anions are most stable to 
high temperature decomposition.5b 
 
1.6. Desirability of ionic liquids as alternative media 
The general properties possessed by ionic liquids (as discussed in the above 
sections) make them very attractive as solvents for conducting organic synthesis, and 
notably, transition metal catalyzed reactions. Their extremely low volatility offers an 
important way to reduce pollution from chemical industry. In this respect, ionic 
liquids can also be used for safer microwave synthesis methods52 – sudden surges of 
build-up pressure are not possible. The dipolar characteristics of ionic liquids translate 
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into rapid excitation by microwaves, and consequently faster reactions. Moreover, 
volatile organics can also be removed easily from the ionic liquids under vacuum, by 
distillation or using a carrier gas such as carbon dioxide. 
In addition to being a great solvent for many metal catalysts and organic 
compounds allowing homogenous catalyzed reaction to be performed, ionic liquids 
are immiscible with many organic solvents, hence rendering biphasic or triphasic 
catalytic reactions possible. The discovery of water-insoluble ionic liquids also 
allowed the development of new work-up procedures, including separation of water-
soluble by-products by simple solvent extractions; the transition metal catalysts that 
are soluble in ionic liquids may be recycled together with the ionic liquids after the 
extraction. 
Ionic liquids are known to have favorable thermal stabilities and can operate 
over a large range of temperature. Most of the ionic liquids of interest are liquids at 
room temperature and often start to decompose at only above 300oC; in this way they 
provide a much larger temperature scale for organic reactions as compared to 
molecular solvents. 
There is one major concern that inhibits the large scale use of ionic liquids in 
industry – the synthesis of ionic liquids designed for specific uses is liable to incur 
more cost as compared to organic solvents; during the scaling-up of ionic liquids 
synthesis, important aspects such as heat management (the initial alkylation reactions 
to form the quarternary cations are exothermic) and proper mass transport has to be 
considered. However, since the ionic liquids are likely to be recycled and reused, this 
can even up the cost in the long run.  
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In retrospect, based on the need to design chemical compounds and processes 
that reduce or eliminate the use and generation of hazardous materials, ionic liquids 
definitely offer a solution to the above-mentioned problems. 
 
1.7. Toxicological and environmental concerns pertaining to industrial 
use of ionic liquids 
Following the increasing familiarity of ionic liquids and their potentials in 
industry, the boom in designer ionic liquids have sparked a corresponding increase in 
concerns regarding their toxicological and environmental properties which are 
beginning to emerge in recent years.5b Ionic liquids have shown to possess both 
antimicrobial and antifungal activities;53 there is an implication that if ionic liquids 
can enter microbial or fungal cells, then it is very likely that they could penetrate 
mammalian cells, hence exhibiting possible toxicity or be potentially mutagenic.54 
Although it was recently found that prolong exposure to certain classes of ionic 
liquids is potentially toxic to aquatics,55 one should keep in mind that the effect of 
ionic liquids may be completely different on fish as compared to human beings. The 
great advantage of ionic liquids in this respect is that they are largely non-volatile and 
therefore are unlikely to be ingested by inhalation. Through proper handling and 
complete removal of any organic products, human exposure to ionic liquids should 
not present a significant health risk. 
 
1.8. Scope of the thesis 
The wide liquidus range exhibited by ionic liquids, combined with their low 
melting points and potential to be tailored for their sizes, shapes and various 
functionality offer great opportunity for control over reactivity that are unobtainable 
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with molecular solvents. Changes in ion types and the various substituents and 
composition produce new ionic liquid systems, each with their unique sets of 
properties waiting to be discovered and hopefully be applied to organic reactions and 
catalysis. With the potentially large matrix of both cations and anions, it becomes 
clear that it is virtually impossible to screen any particular reaction in all the ionic 
liquids.  
At present the most widely studied cation is based on the N,N’-
dialkylimidazolium moiety; N,N’-dialkylimidazolium-based ionic liquids owe their 
high popularity to the simplicity and relative ease in introducing modifications that 
may lead to possible significant alterations in physical properties thereof (table 1.1). 
Melting point is not the only characteristics that changes with the length of alkyl 
chain; other physicochemical properties, particularly the miscibility with other 
solvents are also affected.5b This thesis reports the synthesis and properties of 
N,N'-dialkylimidazolium bis(nonafluorobutane-1-sulfonyl)imides (1 and 3) and 
N,N'-dialkylimidazolium nonafluorobutane-1-sulfonates (2) as two new series of ionic 




1: R1 = CH3, X = NNf2
2: R1 = CH3, X = ONf
3: R1 = CH3(CH2)2, X = NNf2
1-3 Nf: CF3(CF2)3SO2
 
Figure 1.2. A representation of the ionic liquids synthesized and described in this thesis. 




RESULTS AND DISCUSSION 
 
2.1. Prelude 
The approach towards the synthesis of compounds 1–3 is based on a two-step 
protocol which comprises the quaternization of imidazole derivatives with various 
readily available alkylating reagents (alkyl bromides, chlorides, sulfates) followed by 
anion exchange with highly stable and non-hygroscopic potassium 
bis(nonafluorobutane-1-sulfonyl)imide (A) or potassium nonafluorobutane-1-
sulfonate (B). It was anticipated that the resulting salts 1–3 should be low-melting 
solids or even room temperature ionic liquids. They would be hydrophobic enough to 
make possible reduction of the residual halogenide content below detection limit by 
repeated extraction with deionized water without significant loss of yield at the 
purification step.  
An inspection of available literature data showed that the potassium salt A 
could be synthesized directly from trifluoroacetamide or acetamide using the 
convenient and relatively inexpensive sulfonylating reagent, nonafluorobutane-1-
sulfonyl fluoride (NfF),56 in the presence of potassium carbonate.57 As acetamide is 
widely available and cheap, it became a reactant of choice for the present study.  
However no anticipated potassium imide A (KNNf2) was obtained as a main 
reaction product (Scheme 2.1). Instead, potassium nonafluorobutane-1-sulfonate 
(KONf) (B) was isolated in reasonably good yield resulting from the reproduction of 
the literature procedure57 (conditions a). The same results were obtained at room 
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temperature employing either K2CO3 or more basic K3PO4 as an auxiliary base58 in 
DMF as a solvent (modified conditions b).  
 







Scheme 2.1. a: CH3C(O)NH2, K2CO3 in THF 6 hours at 65°C, (62% yield); b: CH3C(O)NH2, K2CO3 
(73% yield) or K3PO4 (75% yield) in DMF at room temperature; c: as in b employing K2CO3 but 
without CH3C(O)NH2, salt B (74% yield).  
 
2.2. Synthesis of potassium nonafluorobutane-1-sulfonate 
A control experiment carried out with K2CO3 in the absence of acetamide 
(conditions c) revealed the same reaction features (appearance, progress) resulting in a 
similar yield of KONf B as under conditions b. The identity of the main reaction 
product, KONf B in all four protocols described above (see Scheme 2.1) was 
confirmed by FAB-MS analysis as well as by 19F NMR measurements of the mixed 
samples indicating complete overlap of all the relevant signals (see Chapter 4). In 
fact, microanalysis data given earlier for KNNf2 are in a better consistency with the 
elemental composition of KONf! 57  
A careful analysis of the spectroscopic data of the products obtained under the 
conditions a and b showed that they consist of the salt B (60–70 mol.%), 
CH3C(O)NNf\K⊕ 59 (25–40 mol.%) and KOSO2(CF2)4H (up to 11 mol.%, MS (ESI 
negative, ion energy 0.3 eV), m/z (%): 280.93 [H(CF2)4SO3]–). The latter salt may 
result from the nucleophilic ring opening of perfluorosulfolane. 60 No desired KNNf2 
A is detected in either of the experiments. 
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In the experiments with K2CO3, carbon dioxide gas evolved during the 
reaction course and therefore the following mechanism for the salt B formation was 
inferred (Scheme 2.2).  
 
NfF C O  K
K  O
O
+ C O  K
O
O





Scheme 2.2. The fragmentation of the intermediate NfOC(O)O\K⊕ serves as a driving force for the 
evolution of the carbon dioxide gas with the subsequent salt formation of the KONf. 
 
Presumably, acetamide remains mainly unreacted during the entire reaction 
course, and NfF interacts directly with K2CO3 owing to its affinity to anionic hard 
nucleophilic centers.61 The lack of acetamide reactivity is attributed to the insufficient 
basicity of K2CO3 or K3PO4 failing to produce a sufficient equilibrium concentration 
of the reactive CH3C(O)NH\ species for the desired N-sulfonylation to take place in 
favour of the direct interaction between NfF and K2CO3 (see Scheme 2.2).  
 
2.3. Synthesis of potassium bis(nonafluorobutane-1-sulfonyl)imide 
To circumvent the difficulties caused by using K2CO3, a new protocol 
employing NH4Cl instead of CH3C(O)NH2 and Et3N62 which is fully compatible with 
NfF in MeCN as a reaction solvent was developed.63 This synthetic protocol proved to 
be successful and the intermediate triethylammonium salt Et3NH⊕NNf2\ was 
obtained (Scheme 2.3).  
 












Scheme 2.3. The formation of KNNf2 via the intermediate salt Et3NH⊕NNf2\. 
 
Subsequent treatment of the intermediate salt Et3NH⊕NNf2\ with aqueous 
KOH furnishes the desired pure potassium salt A as a white crystalline solid, which 
readily precipitates out of the aqueous solution64 in good overall yield (see Chapter 3).  
Both KONf and KNNf2 were found to be thermally stable and non-
hygroscopic salts.65 They are poorly soluble in water, KONf somewhat better than 
KNNf2. Remarkably, both salts show good solubilities in a number of organic 
solvents such as THF, MeCN, Me2CO, AcOEt, DMSO, DMF, dioxane, 
1,2-dimethoxyethane and alcohols although they are virtually insoluble in 
chlorohydrocarbon- and hydrocarbon solvents.  
 
2.4. Synthesis of ionic liquids 1 and 2 by combination of N-methyl-N'-
alkyl imidazolium cations with bis(nonafluorobutane-1-sulfonyl)imide 
and nonaflate anions 
Having the requisite potassium salts A and B in hand, the synthesis of the 
target N-methyl-N'-alkyl imidazoliums 1 and 2 was established (Scheme 2.4). In the 
first step, an alkylation of N-methyl imidazole with a slight excess of RX' was carried 
out upon heating without solvent (see Table 2.1) followed by removal of volatiles (if 
any) in high vacuum to give a nearly quantitative yield of the corresponding 
N-methyl-N'-alkyl imidazolium salts. The reaction progress was monitored by 1H-
NMR spectroscopy; in all the cases full conversion of the starting N-methyl imidazole 
was observed with a general downfield shift of both C2 proton signals, and C4 and C5 
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doublets by less than 4 ppm and 1 ppm respectively. Up to 15–18 mol.% of N-methyl 
imidazolium bromide was detected by 1H-NMR as a side product resulting from HBr 
elimination from secondary bromides when used as alkylating agents. It was easily 
removed from ionic liquid by aqueous extraction on the following anion exchange 
step. Although at higher temperature secondary alkyl bromides react faster, a 













1: X = NNf2
2: X = ONf
K X (A or B)
 
Scheme 2.4. Synthesis of N-methyl-N'-alkyl imidazolium bis(nonafluorobutane-1-sulfonyl)imides 1 
and nonaflates 2. 
 
 
The desired ionic fluids 1, 2 were then produced by anion exchange with KX 
(A or B) in biphasic CH2Cl2/H2O mixture followed by thorough washing of the 
organic phase with deionized water until a negative halogenide test with aqueous 
AgNO3 was achieved.66 Removal of CH2Cl2 followed by thorough drying in high 
vacuum furnished the ionic liquids 167 and 268 in high yields and purities. 1H-NMR of 
the ionic liquids was observed to have an upfield shift for both the C2 proton 
(~1.5ppm) and C4 and C5 doublets (~0.5 ppm with a corresponding reduction of the 
coupling constants by 50–70%) as a result of the anion exchange. The alkylation 
reaction conditions, yields and properties of the N-methyl-N'-alkyl imidazolium salts 
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2.5. General protocol for the synthesis of N,N'-dialkyl imidazoliums ionic 
liquids 
It is unfortunate that among the few commercially available N-alkyl 
imidazoles, only N-methyl imidazole is offered at an affordable price. Hence, the 
ionic liquids obtained as described above are limited invariably to imidazolium 
derivatives comprising an N-methyl substituent.  
To circumvent this limitation, a one pot sequential alkylation protocol starting 
from parent imidazole was developed. The protocol is exemplified by the synthesis of 
















R = Et (3a, 99%)




Scheme 2.5. i: (EtO)2SO2, 0°C to room temperature, 17 hours, ii: Me(CH2)3Br, 70°C, 3 hours. 
 
 
Treatment of imidazole with MeONa in MeOH followed by removal of the 
solvent gave sodium imidazolide quantitatively. The first alkylation with n-propyl 
bromide was carried out in MeCN and enabled the introduction of only one propyl 
group with >95% selectivity. The second alkylation conducted after removal of 
MeCN in vacuum furnished the desired unsymmetrical N,N'-dialkyl imidazolium 
moiety. This protocol culminated with anion exchange with KNNf2 as described 
above resulting in the isolation of the anticipated products 3a,b in high yields and at 
least 95% purity according to 1H-NMR spectroscopic data.  
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2.6. Determination of the properties of ionic liquids 
The liquidus range of the ionic liquids synthesized was determined using 
Büchi Melting Point B-540 apparatus and SDT 2960 Simultaneous DSC-TGA 
instrument respectively. These physical data were summarised in table 2.1. 
 
2.6.1. Melting points of ionic liquids  
 For those ionic liquids that are solid at room temperature (1e, 1g, 2a and 2d), 
their melting points were determined using standard procedures with the Büchi 
Melting Point B-540 apparatus. As for the remaining ionic liquids, they were first 
placed in the deep freezer (-18oC) for 17 hours by which all became solid. They were 
then transferred to the lower deck of the fridge (+4oC) for 17 hours by which some 
turned to liquids (1b, 1f and 1h). The remaining ionic liquids that stayed solid (1a, 1c, 
1d, 2b and 2c) were then left to stand at room temperature, in which all turned back to 
liquid eventually. 
 
2.6.2. Decomposition temperatures of ionic liquids  
The range of decomposition temperatures of each ionic liquid was determined 
using thermogravimetric analysis with a TA instruments model SDT 2960 
Simultaneous DSC-TGA. Each sample was analysed in a ceramic pan with nitrogen as 
the purge gas. In each experiment, a temperature gradient of 10oC/min was applied for 
a temperature window of 25oC to 1000oC (a ramp of 5oC/min was inserted between 
200oC to 600oC). The decomposition temperatures of the ionic liquids were registered 
when there was a sharp decrease in their mass to almost zero, as a result of the 
vaporization of the organic fragments of the ionic liquids. The ionic liquids in this 
work are stable up to a 320oC. 
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Table 2.1. Synthesis and properties of N-methyl-N'-alkyl imidazolium bis(nonafluorobutane-1-sulfonyl)imides 1 and nonaflates 2.  
 
Entry Reaction conditions  Product  Properties 
 RX' (equiv.) T (°C) Time (h)  X Salt 1 or 2 (yield, %)  m.p. (°C) Decomposition (°C) 
1 (MeCH2O)2SO2 r.t.a 17  NNf2\ 1a (98)  <25b (31°C67) 290 
2 Me(CH2)2Br 70 4  NNf2\ 1b (98)  <4c 300 
3 Me(CH2)3Cl69 90 24  NNf2\ 1c (>99)  <25b 320 
4 Me(CH2)4Br 70 3  NNf2\ 1d (97)  <25b 295 
5 Me2CH(CH2)2Br 70 5  NNf2\ 1e (>99)  39–40 280 
6 Me2CHCH2Br 70 17  NNf2\ 1f (>99)  <4c 295 
7 Me2CHBr 70 24  NNf2\ 1g (99)  28–29°C 310 
8 MeCH2CH(Me)Br 70 24  NNf2\ 1h (>99)  <4c 280 
9 Me(CH2)2Br 70 4  ONf\ 2a (82)  33–34 285 
10 Me(CH2)3Cl69 90 24  ONf\ 2b (82)  <25b (20°C18) 295 
11 Me2CHBr 70 24  ONf\ 2c (81)  <25b 310 
12 MeCH2CH(Me)Br 70 24  ONf\ 2d (79)  42–43 280 
a) an appreciable exothermic effect was observed during the alkylation.  
b) crystallizes in a fridge (+4°C) and melts at room temperature again.  
c) crystallizes in a deep freezer (–18°C) and melts in a fridge (+4°C) again.  
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2.7. Specific properties of the ionic liquids obtained 
The imidazolium salts 1–3 are thermally stable (up to 300–320°C), colourless 
or yellowish non-hygroscopic fluids or low-melting crystalline solids (Table 1). They 
neither change appearance nor gain weight upon exposure to atmospheric moisture for 
at least one week. The NNf2-derivatives tend to melt at lower temperatures than their 
ONf-counterparts. Not surprisingly, symmetrical N,N'-dimethyl imidazolium 
bis(nonafluorobutane-1-sulfonyl)imide has a higher melting point (69°C67) compared 
to the unsymmetrically substituted salts 1 and 3.  
In general, all NNf2-derived ionic liquids presented in this work have 
interesting specific properties. It is believed that the high content of perfluorobutyl 
groups in NNf2-derived ionic liquids is accountable for their unique characteristics. 
Unlike conventional ionic liquids which are often miscible with chlorohydrocarbon 
solvents, the salts 1 tend to form two-phase mixtures with chloroform. Thus the salt 
1h forms a two-phase system upon mixing with CDCl3, with the concentrations of 1h 
in the upper and lower phases 3.5 wt.% and 45.5 wt.% respectively. The mixture turns 
homogeneous upon heating and separates to two-phases upon cooling down to room 
temperature. 731.5 mg of CDCl3 was added to 70.4 mg of salt 1h in an NMR tube. 
The mixture was shaken thoroughly and warmed to ensure homogeneity. After that 
the tube was left to stand for 17 hours at room temperature. As the mixture cooled 
down and gradually separated into two phases, the upper layer (about 3 cm in depth) 
was siphoned off using a glass pipette and weighed accordingly (623.6 mg) in a new 
NMR tube. 8 mg of trifluoromethyl-benzene (0.548 mmol) was then added as an 
internal standard; this was subsequently topped up with sufficient DMSO-d6 for 1H 
and 19F NMR. By comparing the corresponding NMR signals of 1h with that of the 
standard, it was found that the upper layer contained 21.9 mg of the ionic liquid. 
   
 27
Likewise the lower layer (about 0.8 cm in depth) was weighed (100 mg) and treated in 
the same manner (8.2 mg of trifluoromethyl-benzene was added). It was found that it 
contained 45.6 mg of the ionic liquid. Hence the concentration of 1h in both layers of 
CDCl3 can be determined by expressing the mass of the solutes as a percentage of the 
total mass of their respective layers.  
The nature of the ionic liquids 1 is especially pronounced in their remarkably 
low solubilities in typical organic solvents (toluene, dialkyl ethers) and water. For 
example, the ionic liquid 1c shows solubilities of 0.7 wt.% in water, 0.3 wt.% in 
toluene and 1.2 wt.% in diisopropyl ether i.e. it is virtually immiscible with the above 
solvents. Such specific solvation effects observed in the salts 1 make them truly 
orthogonal reaction media and should allow an easy recycling of these ionic liquids 
by extractive removal of organic products and inorganic salts with organic solvents 
and water respectively. This feature may turn out to be useful in the design of new 
recoverable catalytic systems.70  
 
 
Figure 2.1.  A demonstration of the immiscibility of ionic liquids with water (stained with a yellow 











3.1. Conclusion  
The application of ionic liquids in green technologies is a new and rapidly 
expanding area. For this reason it is essential to raise the general awareness of the 
scientific community its significant potential. It has been shown in numerous aspects 
that the replacement of a volatile organic solvent with ionic liquids provides 
improvements in reaction efficiency, and at the same time averts most of the 
disadvantages associated with the use of organic solvents. Studies on a number of 
organic reactions, such as Diels-Alder, Suzuki, and Friedel-Craft reactions10 suggest 
that ionic liquids may give rise to superior results in terms of reaction yield, product 
selectivity, and ease of isolation. Such reports of potential significant environmental 
and commercial importance contribute extensively towards the elevation of the large 
scale use ionic liquids. In support to the drive in promoting ionic liquids for industrial 
use, it is imperative that well-defined and reliable data 71  are collected for ionic 
liquids, especially those belonging to newly developed series. Most importantly these 
data have to be obtained using ionic liquids of the highest possible purity. 
With the evolution that made different types of ionic liquids available in 
market, it will inevitably leads to changes in future experimental works. I am pleased 
to report in this thesis the synthesis and properties of a new series of ionic liquids that 
are derived from nonafluorobutan-1-sulfonyl fluoride. As ionic liquids with fluorine-
containing anions have many interesting characteristics and applications,72 it is very 
likely that many more fluoroanions containing ionic liquids will continue to be 
developed. With the almost unlimited variety of ionic liquids still to be realized, and a 
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wide range of possible applications to be exploited, the future of ionic liquids remains 
bright, green, and exciting! 
 
3.2. Publications  
Quek, S. K.; Lyapkalo, I. M.; Huynh, H. V. Synthesis 2006, 1423–1426.  
Quek, S. K.; Lyapkalo, I. M.; Huynh, H. V. Tetrahedron 2006, 62, 3137–
3145.  
 




EXPERIMENTAL AND PROCEDURES 
4.1. General  
NMR spectra were recorded on a Bruker 400 UltraShield instrument in CDCl3 
as a solvent unless stated otherwise. 1H and 13C chemical shifts are expressed as ppm 
downfield from SiMe4 (δ = 0) used as an internal standard. 19F chemical shifts are 
given in ppm upfield from PhCF3 (δ = –63.7 ppm73) used as an internal standard. 13C 
signals of the CF3(CF2)3 groups were not given due to very complicated and 
overlapping heteronuclear 13C,19F coupling patterns. 15N-NMR signals of the 
1-isopropyl-3-methylimidazolium cation in the salt 1g are obtained using insensitive 
nuclei enhanced by polarization (INEPT) technique with the chemical shifts expressed 
as ppm upfield from MeNO2 (δ = 0) used as an external standard. Mass spectra were 
registered with Finnigan MAT 95XP (FAB-HRMS) and with Macromass Quattro 
microTM API (ESI-MS) spectrometers. Decomposition temperatures of the salts B, 1 
and 2 were determined with SDT 2960 Simultaneous DSC-TGA instrument. 
Microanalyses were performed with Euro Elemental Analyser. Melting points were 
determined using Büchi Melting Point B-540 apparatus and are uncorrected.  
The syntheses of the potassium salts A and B were carried out under an 
atmosphere of argon in heat-gun dried reaction flasks. Solvents for syntheses were 
dried following standard procedures and freshly distilled prior to use: DMF (vacuum 
distillation from CaH2), MeCN (distillation from CaH2), THF (distillation from Na–K 
alloy/Ph2CO). Solvents for extraction were distilled before use. Nonafluorobutane-1-
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sulfonyl fluoride was obtained from Bayer AG; it can also be purchased from 
commercial suppliers. N-methyl imidazole (Fluka) was distilled and stored over BaO.  
The alkylating reagents (see Table 2.1), purchased from Lancaster, Aldrich 
and Fluka were distilled before use. K2CO3 (Fluka), K3PO4·H2O (Riedel-de-Haen), 
NH4Cl (Merck), CH3C(O)NH2 (Acros Organics) and imidazole (Lancaster) were 
dried in high vacuum before use. Et3N (Riedel-de-Haen) was stored over KOH 
pellets.  
 
4.1.1. Synthesis of potassium bis(nonafluorobutane-1-sulfonyl)imide (A) 
(Scheme 3) 
NH4Cl (13.9 g, 250 mmol) was placed into 1 L reaction flask equipped with 
efficient magnetic stirring bar and dried under high vacuum to remove traces of 
moisture before MeCN (125 mL) and NfF (166.9 g, 550 mmol) were added. The 
resulting two-phase suspension was cooled down to –40°C, and Et3N (127.6 g, 1250 
mmol) pre-cooled with liquid nitrogen was quickly added to the reaction mixture 
upon vigorous stirring. After gradual warming up to ambient temperature, the 
resulting mixture was heated up to 65oC and stirred at this temperature overnight. 
After cooling down to ambient temperature the bulk of MeCN was removed in 
vacuum. The residue was partitioned between CH2Cl2 (400 mL) and deionized water 
(200 mL). The organic layer was then thoroughly washed with deionized water 
(3×200 mL) until it showed a negative chloride test with aqueous AgNO3. Volatiles 
were removed in vacuum to give the intermediate Et3NH⊕NNf2\ (165.85 g, 97% 
yield) as a tawny crystalline solid, melting point 42–43°C, 1H-NMR (400.23 MHz): 
δ 1.33 (9H, t, 3J = 7.3 Hz, 3CH2CH3), 3.18 (6H, br. q, 3J = 7.3 Hz, 3CH2CH3), 7.19 
(1H, br. s, NH+). 13C-NMR (100.65 MHz): δ 8.5 (CH2CH3), 47.2 (CH2CH3). 19F-
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NMR (376.59 MHz): δ –127.1 (4F, t*, J = 14.3 Hz, 2CF2-3), –122.1 (4F, mc, 2CF2-2), 
–113.9 (4F, t*, J = 14.3 Hz, 2CF2-1), –81.9 (6F, tt, J1 = 10.0 Hz, J2 = 2.3 Hz, 2CF3); 
*further splitting due to the multiple 19F,19F couplings. 
Without further purification, Et3NH⊕NNf2\ (165.9 g, 243 mmol) was 
dissolved in MeOH (30 mL) and added dropwise to the solution of KOH (27.0 g, 590 
mmol) in water (300 mL) upon vigorous stirring. Instantaneous precipitation of the 
desired KNNf2 A was observed. The reaction mixture was stirred overnight before 
filtering the precipitate. The crystalline residue was washed thoroughly with cold 
deionized water until neutral pH followed by drying on the sinter funnel and washing 
additionally with CHCl3 (3×150 mL) to give the salt A (148.83 g, 81% yield) as a 
white crystalline solid, melting point 340–341°C (decomposed). A, 19F-NMR (376.59 
MHz, DMSO-d6): δ –128.2 (4F, t*, J = 13.9 Hz, 2CF2-3), –123.5 (4F, mc, 2CF2-2), –
115.8 (4F, t*, J = 13.5 Hz, 2CF2-1), –82.8 (6F, tt, J1 = 9.8 Hz, J2 = 2.3 Hz, 2CF3); 
*further splitting due to the multiple 19F,19F couplings. HRMS (FAB negative, Cs, 20 
keV, direct, glycerin, m/z), found: 579.9083. Calculated (C8F18NO4S2–): 579.8976. 
EA calculated for C8F18KNO4S2: C, 15.52; F, 55.22; N, 2.26; S, 10.36. Found: C, 
15.50; H, 0; N, 2.32; S, 10.60.  
 
4.1.2. Attempts to prepare the potassium salt (A) by interaction of acetamide 
with NfF in the presence of K2CO3 or K3PO4: potassium 
nonafluorobutanesulfonate (B) (Scheme 1)  
a: according to the literature procedure:5 The synthesis was attempted using 
CH3C(O)NH2 (0.827 g, 14.0 mmol), K2CO3 (5.00 g, 36.0 mmol), THF (15 mL) and 
NfF (2×4.23 g, 2×14 mmol). After heating for the designated time (2×3 hours) and 
removal of volatiles in vacuum, the mixed solid residue was treated with Me2CO (25 
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mL) and filtered; the insoluble precipitate on the sinter funnel was washed with 
Me2CO, the combined filtrate was evaporated in vacuum, MeOH (10 mL) was added 
to the residue, and the resulting mixture was refluxed for a few minutes until the 
crystalline residue was completely dissolved. The resulting homogenous solution was 
diluted with CHCl3. The crystalline precipitate was filtered off and dried to give 5.40 
g of white crystalline solid which was identified as potassium nonaflate B in 62% 
yield.  
b: room-temperature modification employing DMF as a solvent: K2CO3 (81.8 
g, 592 mmol) was dried at 200°C in a high vacuum for 3 hours and transferred into 
500 mL reaction flask equipped with efficient magnetic stirring bar. After flushing 
with dry argon and cooling, DMF (160 mL), dry CH3C(O)NH2 (9.54 g, 161.5 mmol) 
and followed by NfF (103.4 g, 342 mmol) were consecutively added at room 
temperature. The reaction mixture was stirred for 40 hours. During first 24 hours, 
evolution of CO2 gas was clearly observed. The isolation carried out as described 
above furnished 84.42 g of white crystalline solid which was identified as potassium 
nonaflate B (73% yield). Likewise, the analogous reaction carried out with K3PO4 in 
place of K2CO3 afforded the salt B in 75% yield.  
c: a reference experiment in DMF conducted in the absence of CH3C(O)NH2: 
The experiment was carried out with K2CO3 (3.24 g, 23.4 mmol), DMF (15 mL) and 
NfF (4.75 g, 15.7 mmol) as described above, the progress and appearance being 
identical. The workup and the isolation as described above resulted in the salt B (3.72 
g, 74% yield) as a white crystalline solid, which decomposed at about 450°C. B, 19F-
NMR (376.59 MHz, DMSO-d6): δ –128.1 (4F, t*, J = 13.5 Hz, 2CF2-3), –123.8 (4F, 
mc, 2CF2-2), –117.2 (4F, t*, J = 13.5 Hz, 2CF2-1), –83.0 (6F, tt, J1 = 9.8 Hz, J2 = 2.9 
Hz, 2CF3); *further splitting due to the multiple 19F,19F couplings. HRMS (FAB 
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negative, Cs, 20 keV, direct, glycerin, m/z), found: 298.9449. Calculated (C4F9O3S–): 
298.9419. EA calculated for C4F9KO3S: C, 14.21; F, 50.56; S, 9.48. Found: C, 14.48; 
H, 0; S, 9.75.  
 
4.2. Synthesis of N-methyl-N'-alkyl imidazolium bis(nonafluorobutane-1-
sulfonyl)imides (1) and nonaflates (2) (see Scheme 4): general procedure 
(GP1).  
A mixture of N-methylimidazole (1.05 equiv.) and the alkylating reagent R'X 
(1.1 equivalent) was stirred under the conditions (temperature and time) specified in 
Table 2.1. The volatiles were then removed in high vacuum, the residue was dissolved 
in CH2Cl2 (typically 0.15–0.20 mmol/mL) and transferred into the separating funnel 
containing a suspension of the salt A or B (0.85–1 equiv.) in water (typically 0.25–
0.30 mmol/mL). The content of the funnel was vigorously shaken for 3–5 min so that 
no further precipitate was present in the resulting two-phase mixture. The organic 
layer was washed with dilute HCl (pH 1) and 3–4 times with deionized water so that 
the last aqueous layer after extraction should indicate pH 6–7 and give a negative 
halogenide test with aqueous AgNO3. CH2Cl2 was removed in vacuum, and the 
residue was vigorously stirred for 15–17 hours at 40–50°C under high vacuum to give 
the desired molten salt 1 or 2 in the designated yield (see Table 2.1).  
 
4.2.1. Synthesis of 1-ethyl-3-methylimidazolium bis(nonafluorobutane-1-
sulfonyl)imide (1a)  
The title compound was prepared from N-methylimidazole (1.314 g, 16.0 
mmol), (EtO)2SO2 (2.35 g, 15.2 mmol) and the salt A (9.00 g, 14.5 mmol) as 
described in GP1; yield 9.82 g (98%) as a clear viscous slightly yellowish liquid. 1a, 
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1H-NMR (400.23 MHz, DMSO-d6): δ 1.42 (3H, t, 3J = 7.3 Hz, CH2CH3), 3.85 (3H, s, 
NCH3), 4.19 (2H, q, 3J = 7.3 Hz, NCH2), 7.69 (1H, t, J = 1.8 Hz) and 7.78 (1H, t, J = 
1.8 Hz) (both CH=CH), 9.11 (1H, br. s, N–CH=N). 13C-NMR (100.65 MHz, DMSO-
d6): δ 15.1 (CH2CH3), 35.7 (NCH3), 44.1 (NCH2), 122.0 and 123.6 (both CH=CH), 
136.3 (N–CH=N). 19F-NMR (376.59 MHz, DMSO-d6): δ –128.1 (4F, t*, J = 14 Hz, 
2CF2-3), –123.4 (4F, mc, 2CF2-2), –115.7 (4F,br. t, J = 14 Hz, 2CF2-1), –82.8 (6F, tt, 
J1 = 9.7 Hz, J2 = 2.5 Hz, 2CF3); *further splitting due to the multiple 19F,19F 
couplings. MS (ESI positive, ion energy 0.3 eV), m/z (%): 111.03 [C6H11N2+] (100) 
and lighter fragments. MS (ESI negative, ion energy 0.3 eV), m/z (%): 579.86 
[(C4F9SO2)2N–] (100), 296.95 [C4F9SO2N–] (24.3) and lighter fragments.  
 
4.2.2. Synthesis of 1-propyl-3-methylimidazolium bis(nonafluorobutane-1-
sulfonyl)imide (1b)  
The title compound was prepared from N-methylimidazole (1.223 g, 14.9 
mmol), Me(CH2)2Br (1.93 g, 15.7 mmol) and the salt A (8.79 g, 14.2 mmol) as 
described in GP1; yield 9.85 g (98%) as a clear yellowish viscous liquid. 1b, 1H-NMR 
(400.23 MHz, DMSO-d6): δ 0.87 (3H, t, 3J = 7.4 Hz, CH2CH3), 1.81 (2H, sextet, 3J = 
7.3 Hz, CH2CH3), 3.86 (3H, s, NCH3), 4.13 (2H, t, 3J = 7.1 Hz, NCH2), 7.70 (1H, t, J 
= 1.8 Hz) and 7.76 (1H, t, J = 1.8 Hz) (both CH=CH), 9.10 (1H, br. s, N–CH=N). 
13C-NMR (100.65 MHz, DMSO-d6): δ 10.3 (CH2CH3), 22.9 (CH2CH3), 35.7 (NCH3), 
50.3 (NCH2), 122.3 and 123.7 (both CH=CH), 136.6 (N–CH=N). 19F-NMR (376.59 
MHz, DMSO-d6): δ –128.1 (4F, t*, J = 14 Hz, 2CF2-3), –123.3 (4F, mc, 2CF2-2), –
115.6 (4F,br. t, J = 14 Hz, 2CF2-1), –82.8 (6F, tt, J1 = 9.7 Hz, J2 = 2.5 Hz, 2CF3); 
*further splitting due to the multiple 19F,19F couplings. MS (ESI positive, ion energy 
   
 36
0.3 eV), m/z (%): 125 [C7H13N2+] (100) and lighter fragments. MS (ESI negative, ion 
energy 0.3 eV), m/z (%): 580 [(C4F9SO2)2N–] (100) and lighter fragments.  
 
4.2.3. Synthesis of 1-butyl-3-methylimidazolium bis(nonafluorobutane-1-
sulfonyl)imide (1c)  
The title compound was prepared from N-methylimidazole (1.20 g, 14.6 
mmol), Me(CH2)3Cl (1.42 g, 15.3 mmol) and the salt A (8.61 g, 13.9 mmol) as 
described in GP1; yield 9.96 g (>99%) as a clear yellowish viscous liquid. 1c, 1H-
NMR (400.23 MHz): δ 0.94 (3H, t, 3J = 7.4 Hz, CH2CH3), 1.36 (2H, sextet, 3J = 7.4 
Hz, CH2CH3), 1.85 (2H, mc, NCH2CH2), 3.93 (3H, s, NCH3), 4.18 (2H, t, 3J = 7.6 Hz, 
NCH2), 7.38 (1H, t, J = 1.7 Hz) and 7.40 (1H, t, J = 1.7 Hz) (both CH=CH), 8.71 (1H, 
br. s, N–CH=N). 13C-NMR (100.65 MHz): δ 12.6 (CH2CH3), 19.0 (CH2CH3), 31.8 
(NCH2CH2), 35.8 (NCH3), 49.7 (NCH2), 122.3 and 123.6 (both CH=CH), 135.7 (N–
CH=N). 19F-NMR (376.59 MHz): δ –127.0 (4F, t*, J = 14 Hz, 2CF2-3), –122.0 (4F, 
mc, 2CF2-2), –113.8 (4F,br. t, J = 14 Hz, 2CF2-1), –82.0 (6F, tt, J1 = 9.9 Hz, J2 = 2.3 
Hz, 2CF3); *further splitting due to the multiple 19F,19F couplings. MS (ESI positive, 
ion energy 0.3 eV), m/z (%): 139.1 [C8H15N2+] (100) and lighter fragments. MS (ESI 
negative, ion energy 0.3 eV), m/z (%): 580.0 [(C4F9SO2)2N–] (100) and lighter 
fragments.  
 
4.2.4. Synthesis of 1-pentyl-3-methylimidazolium bis(nonafluorobutane-1-
sulfonyl)imide (1d)  
The title compound was prepared from N-methylimidazole (1.172 g, 14.3 
mmol), Me(CH2)4Br (2.27 g, 15.0 mmol) and the salt A (8.42 g, 13.6 mmol) as 
described in GP1; yield 9.66 g (97%) as a clear yellowish viscous liquid. 1d, 1H-NMR 
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(400.23 MHz): δ 0.87 (3H, t, 3J = 7 Hz, CH2CH3), 1.23–1.38 (4H, m, CH2CH2CH3), 
1.84 (2H, quintet, 3J = 7.5 Hz, NCH2CH2), 3.91 (3H, s, NCH3), 4.14 (2H, t, 3J = 7.6 
Hz, NCH2), 7.32 (1H, t, J = 1.8 Hz) and 7.33 (1H, t, J = 1.8 Hz) (both CH=CH), 8.73 
(1H, br. s, N–CH=N). 13C-NMR (100.65 MHz): δ 13.4 (CH2CH3), 21.8 (CH2CH3), 
28.0 and 29.7 (both CH2) 36.0 (NCH3), 50.0 (NCH2), 122.2 and 123.7 (both CH=CH), 
135.9 (N–CH=N). 19F-NMR (376.59 MHz): δ –127.1 (4F, t*, J = 14 Hz, 2CF2-3), –
122.2 (4F, mc, 2CF2-2), –114.0 (4F,br. t, J = 14 Hz, 2CF2-1), –82.0 (6F, tt, J1 = 9.9 
Hz, J2 = 2 Hz, 2CF3); *further splitting due to the multiple 19F,19F couplings. MS (ESI 
positive, ion energy 0.3 eV), m/z (%): 153.172 [C9H17N2+] (100) and lighter 
fragments. MS (ESI negative, ion energy 0.3 eV), m/z (%): 579.951 [(C4F9SO2)2N–] 
(100) and lighter fragments.  
 
4.2.5. Synthesis of 1-(3-methyl-butyl)-3-methylimidazolium 
bis(nonafluorobutane-1-sulfonyl)imide (1e)  
The title compound was prepared from N-methylimidazole (1.223 g, 14.9 
mmol), Me2CH(CH2)2Br (1.93 g, 15.7 mmol) and the salt A (8.42 g, 13.6 mmol) as 
described in GP1; yield 9.97 g (>99%) as a yellowish crystalline solid, melting point 
39–40°C. 1e, 1H-NMR (400.23 MHz, DMSO-d6): δ 0.92 (6H, d, 3J = 6.7 Hz, Me2CH), 
1.52 (1H, nonet, 3J = 6.7 Hz, Me2CH), 1.70 (2H, dt, 3J1 = 7.8 Hz, 3J2 = 6.7 Hz, 
NCH2CH2), 3.85 (3H, s, NCH3), 4.18 (2H, t, 3J = 7.6 Hz, NCH2), 7.69 (1H, t, J = 1.8 
Hz) and 7.78 (1H, t, J = 1.8 Hz) (both CH=CH), 9.12 (1H, br. s, N–CH=N). 13C-NMR 
(100.65 MHz, DMSO-d6): δ 21.9 (Me2CH), 24.8 (Me2CH), 35.7 (NCH3), 38.2 
(NCH2CH2), 47.2 (NCH2), 122.3 and 123.6 (both CH=CH), 136.5 (N–CH=N). 19F-
NMR (376.59 MHz, DMSO-d6): δ –128.1 (4F, t*, J = 14 Hz, 2CF2-3), –123.4 (4F, mc, 
2CF2-2), –115.7 (4F,br. t, J = 14 Hz, 2CF2-1), –82.8 (6F, tt, J1 = 9.8 Hz, J2 = 2.6 Hz, 
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2CF3); *further splitting due to the multiple 19F,19F couplings. MS (ESI positive, ion 
energy 0.3 eV), m/z (%): 153.2 [C9H17N2+] (100) and lighter fragments. MS (ESI 
negative, ion energy 0.3 eV), m/z (%): 580.0 [(C4F9SO2)2N–] (100) and lighter 
fragments.  
 
4.2.6. Synthesis of 1-isobutyl-3-methylimidazolium bis(nonafluorobutane-1-
sulfonyl)imide (1f)  
The title compound was prepared from N-methylimidazole (1.20 g, 14.6 
mmol), Me2CHCH2Br (1.42 g, 15.3 mmol) and the salt A (8.61 g, 13.9 mmol) as 
described in GP1; yield 9.99 g (>99%) as a clear yellowish viscous liquid. 1f, 1H-
NMR (400.23 MHz): δ 0.94 (6H, d, 3J = 6.7 Hz, Me2CH), 2.15 (1H, nonet, 3J = 6.8 
Hz, Me2CH), 3.95 (3H, s, NCH3), 4.00 (2H, t, 3J = 7.4 Hz, NCH2), 7.39 (1H, t, J = 1.8 
Hz) and 7.41 (1H, t, J = 1.8 Hz) (both CH=CH), 8.72 (1H, br. s, N–CH=N). 13C-NMR 
(100.65 MHz): δ 18.6 (Me2CH), 29.1 (Me2CH), 35.8 (NCH3), 56.7 (NCH2), 122.7 and 
123.6 (both CH=CH), 135.9 (N–CH=N). 19F-NMR (376.59 MHz): δ –127.0 (4F, t*, 
J = 14 Hz, 2CF2-3), –122.0 (4F, mc, 2CF2-2), –113.8 (4F,br. t, J = 14 Hz, 2CF2-1), –
82.0 (6F, tt, J1 = 9.9 Hz, J2 = 2.3 Hz, 2CF3); *further splitting due to the multiple 
19F,19F couplings. MS (ESI positive, ion energy 0.3 eV), m/z (%): 139.1 [C8H15N2+] 
(100) and lighter fragments. MS (ESI negative, ion energy 0.3 eV), m/z (%): 580.0 
[(C4F9SO2)2N–] (100) and lighter fragments.  
 
4.2.7. Synthesis of 1-isopropyl-3-methylimidazolium bis(nonafluorobutane-1-
sulfonyl)imide (1g)  
The title compound was prepared from N-methylimidazole (1.22 g, 14.9 
mmol), Me2CHBr (1.93 g, 15.7 mmol) and the salt A (8.79 g, 14.2 mmol) as 
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described in GP1; yield 9.87 g (99%) as a slightly yellowish deliquescent crystalline 
solid, melting point 28–29°C. 1g, 1H-NMR (400.23 MHz, DMSO-d6): δ 1.48 (6H, d, 
3J = 6.7 Hz, Me2CH), 3.85 (3H, s, NCH3), 4.63 (1H, heptet, 3J = 6.7 Hz, NCHMe2), 
7.71 (1H, t, J = 1.8 Hz) and 7.87 (1H, t, J = 1.8 Hz) (both CH=CH), 9.17 (1H, br. s, 
N–CH=N). 13C-NMR (100.65 MHz, DMSO-d6): δ 22.3 (Me2CH), 35.7 (NCH3), 52.2 
(NCHMe2), 120.5 and 123.7 (both CH=CH), 135.4 (N–CH=N). 15N-NMR (40.57 
MHz, DMSO-d6): δ –183.6 and –210.4 (both endocyclic N). 19F-NMR (376.59 MHz, 
DMSO-d6): δ –128.1 (4F, t*, J = 14 Hz, 2CF2-3), –123.3 (4F, mc, 2CF2-2), –115.6 
(4F,br. t, J = 14 Hz, 2CF2-1), –82.8 (6F, tt, J1 = 9.8 Hz, J2 = 2.6 Hz, 2CF3); *further 
splitting due to the multiple 19F,19F couplings. MS (ESI positive, ion energy 0.3 eV), 
m/z (%): 125.114 [C7H13N2+] (100) and lighter fragments. MS (ESI negative, ion 
energy 0.3 eV), m/z (%): 579.950 [(C4F9SO2)2N–] (100) and lighter fragments.  
 
4.2.8. Synthesis of 1-sec-butyl-3-methylimidazolium bis(nonafluorobutane-1-
sulfonyl)imide (1h)  
The title compound was prepared from N-methylimidazole (1.20 g, 14.6 
mmol), MeCH2CH(Me)Br (2.10 g, 15.3 mmol) and the salt A (7.25 g, 11.7 mmol) as 
described in GP1; yield 8.38 g (>99%) as a clear viscous tawny liquid. 1h, 1H-NMR 
(400.23 MHz, DMSO-d6): δ 0.78 (3H, t, 3J = 7.4 Hz, CH3CH2), 1.47 (3H, d, 3J = 6.9 
Hz, CH3CH), 1.80 (2H, mc, CH3CH2), 3.86 (3H, s, NCH3), 4.41 (1H, sextet, 3J = 6.9 
Hz, NCH), 7.73 (1H, t, J = 1.7 Hz) and 7.86 (1H, t, J = 1.7 Hz) (both CH=CH), 9.17 
(1H, br. s, N–CH=N). 13C-NMR (100.65 MHz, DMSO-d6): δ 9.9 (CH2CH3), 20.2 
(CH3CHN), 29.1 (CH2CH3), 35.8 (NCH3), 57.8 (NCH), 120.4 and 123.9 (both 
CH=CH), 135.7 (N–CH=N). 19F-NMR (376.59 MHz, DMSO-d6): δ –128.1 (4F, t*, J = 
14 Hz, 2CF2-3), –123.4 (4F, mc, 2CF2-2), –115.7 (4F,br. t, J = 14 Hz, 2CF2-1), –82.8 
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(6F, tt, J1 = 9.8 Hz, J2 = 2.6 Hz, 2CF3); *further splitting due to the multiple 19F,19F 
couplings. MS (ESI positive, ion energy 0.3 eV), m/z (%): 139.1 [C8H15N2+] (100) 
and lighter fragments. MS (ESI negative, ion energy 0.3 eV), m/z (%): 580.0 
[(C4F9SO2)2N–] (100) and lighter fragments.  
 
4.2.9. Synthesis of 1-propyl-3-methylimidazolium nonafluorobutanesulfonate 
(2a)  
The title compound was prepared from N-methylimidazole (2.044 g, 24.9 
mmol), Me(CH2)2Br (3.21 g, 26.1 mmol) and the salt B (8.00 g, 23.7 mmol) as 
described in GP1; yield 8.25 g (82%) as a slightly yellowish crystalline solid, melting 
point 33–34°C. 2a, 1H-NMR (400.23 MHz): δ 0.94 (3H, t, 3J = 7.4 Hz, CH2CH3), 
1.90 (2H, sextet, 3J = 7.4 Hz, CH2CH3), 3.96 (3H, s, NCH3), 4.15 (2H, t, 3J = 7.4 Hz, 
NCH2), 7.41 (1H, t, J = 1.8 Hz) and 7.43 (1H, t, J = 1.8 Hz) (both CH=CH), 9.09 (1H, 
br. s, N–CH=N). 13C-NMR (100.65 MHz): δ 10.4 (CH2CH3), 23.4 (CH2CH3), 36.3 
(NCH3), 51.5 (NCH2), 122.1 and 123.6 (both CH=CH), 136.9 (N–CH=N). 19F-NMR 
(376.59 MHz): δ –127.1 (2F, t*, J = 14.2 Hz, 2CF2-3), –122.7 (2F, mc, 2CF2-2), –
115.9 (2F, t*, J = 14.2 Hz, 2CF2-1), –82.0 (3F, tt, J1 = 9.9 Hz, J2 = 2.7 Hz, 2CF3); 
*further splitting due to the multiple 19F,19F couplings. MS (ESI positive, ion energy 
0.3 eV), m/z (%): 125 [C7H13N2+] (100) and lighter fragments. MS (ESI negative, ion 
energy 0.3 eV), m/z (%): 298.9 [C4F9SO3–] (100) and lighter fragments.  
 
4.2.10. Synthesis of 1-butyl-3-methylimidazolium nonafluorobutanesulfonate (2b)  
The title compound was prepared from N-methylimidazole (2.04 g, 24.9 
mmol), Me(CH2)3Cl (2.42 g, 26.1 mmol) and the salt B (8.00 g, 23.7 mmol) as 
described in GP1; yield 8.52 g (82%) as a clear yellow viscous liquid. 2b, 1H-NMR 
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(400.23 MHz): δ 0.94 (3H, t, 3J = 7.4 Hz, CH2CH3), 1.35 (2H, sextet, 3J = 7.5 Hz, 
CH2CH3), 1.85 (2H, mc, NCH2CH2), 3.96 (3H, s, NCH3), 4.19 (2H, t, 3J = 7.5 Hz, 
NCH2), 7.37 (1H, t, J = 1.8 Hz) and 7.41 (1H, t, J = 1.8 Hz) (both CH=CH), 9.13 (1H, 
br. s, N–CH=N). 13C-NMR (100.65 MHz): δ 13.1 (CH2CH3), 19.3 (CH2CH3), 31.9 
(NCH2CH2), 36.2 (NCH3), 49.8 (NCH2), 122.2 and 123.6 (both CH=CH), 136.7 (N–
CH=N). 19F-NMR (376.59 MHz): δ –127.1 (2F, t*, J = 14 Hz, 2CF2-3), –122.7 (2F, 
mc, 2CF2-2), –115.9 (2F, t*, J = 14 Hz, 2CF2-1), –82.0 (3F, tt, J1 = 9.9 Hz, J2 = 2.7 
Hz, 2CF3); *further splitting due to the multiple 19F,19F couplings. MS (ESI positive, 
ion energy 0.3 eV), m/z (%): 139.1 [C8H15N2+] (100) and lighter fragments. MS (ESI 
negative, ion energy 0.3 eV), m/z (%): 298.95 [C4F9SO3–] (100) and lighter 
fragments.  
 
4.2.11. Synthesis of 1-isopropyl-3-methylimidazolium nonafluorobutanesulfonate 
(2c)  
The title compound was prepared from N-methylimidazole (2.04 g, 24.9 
mmol), Me2CHBr (3.22 g, 26.2 mmol) and the salt B (8.00 g, 23.7 mmol) as described 
in GP1; yield 8.14 g (81%) as a clear yellowish viscous liquid. 2c, 1H-NMR (400.23 
MHz): δ 1.56 (6H, d, 3J = 6.7 Hz, Me2CH), 3.97 (3H, s, NCH3), 4.65 (1H, heptet, 3J = 
6.7 Hz, NCHMe2), 7.42 (1H, t, J = 1.9 Hz) and 7.45 (1H, t, J = 1.9 Hz) (both 
CH=CH), 9.12 (1H, br. s, N–CH=N). 13C-NMR (100.65 MHz): δ 22.6 (Me2CH), 36.1 
(NCH3), 53.3 (NCHMe2), 120.2 and 123.7 (both CH=CH), 135.3 (N–CH=N). 19F-
NMR (376.59 MHz): δ –127.1 (2F, t*, J = 14.2 Hz, 2CF2-3), –122.7 (2F, mc, 2CF2-2), 
–115.9 (2F, t*, J = 14.2 Hz, 2CF2-1), –82.0 (3F, tt, J1 = 10.0 Hz, J2 = 2.8 Hz, 2CF3); 
*further splitting due to the multiple 19F,19F couplings. MS (ESI positive, ion energy 
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0.3 eV), m/z (%): 125 [C7H13N2+] (100) and lighter fragments. MS (ESI negative, ion 
energy 0.3 eV), m/z (%): 298.9 [C4F9SO3–] (100) and lighter fragments.  
 
4.2.12. Synthesis of 1-sec-butyl-3-methylimidazolium nonafluorobutanesulfonate 
(2d)  
The title compound was prepared from N-methylimidazole (2.04 g, 24.9 
mmol), MeCH2CH(Me)Br (3.58 g, 26.1 mmol) and the salt B (6.74 g, 19.9 mmol) as 
described in GP1; yield 6.89 g (79%) as a tawny crystalline solid, melting point 42–
43°C. 2d, 1H-NMR (400.23 MHz): δ 0.87 (3H, t, 3J = 7.4 Hz, CH3CH2), 1.55 (3H, d, 
3J = 6.9 Hz, CH3CH), 1.86 (2H, quintet, 3J = 7.4 Hz, CH3CH2), 3.98 (3H, s, NCH3), 
4.41 (1H, sextet, 3J = 6.9 Hz, NCH), 7.41 (1H, t, J = 1.8 Hz) and 7.46 (1H, t, J = 1.8 
Hz) (both CH=CH), 9.17 (1H, br. s, N–CH=N). 13C-NMR (100.65 MHz): δ 9.9 
(CH2CH3), 20.4 (CH3CHN), 29.8 (CH2CH3), 36.2 (NCH3), 59.1 (NCH), 120.2 and 
123.8 (both CH=CH), 135.7 (N–CH=N). 19F-NMR (376.59 MHz): δ –127.1 (2F, t*, 
J = 14.2 Hz, 2CF2-3), –122.7 (2F, mc, 2CF2-2), –115.9 (2F, t*, J = 14.2 Hz, 2CF2-1), –
82.0 (3F, tt, J1 = 9.9 Hz, J2 = 2.7 Hz, 2CF3); *further splitting due to the multiple 
19F,19F couplings. MS (ESI positive, ion energy 0.3 eV), m/z (%): 139 [C8H15N2+] 
(100) and lighter fragments. MS (ESI negative, ion energy 0.3 eV), m/z (%): 298.9 
[C4F9SO3–] (100) and lighter fragments. HRMS (FAB negative, Cs, 20 keV, direct, 
glycerin, m/z), found: 298.9395. Calculated (C4F9O3S–): 298.9419.  
 
4.3. Synthesis of N-propyl-N'-alkyl imidazolium bis(nonafluorobutane-1-
sulfonyl)imides (3) (see Scheme 5): general procedure (GP2).  
Imidazole (1 equivalent) was placed into the reaction flask and dried in high 
vacuum (0.05 mbar, room temperature) to remove traces of moisture before adding a 
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solution of MeONa (1.05 equivalent) in MeOH (4.026 mmol/g, prepared from MeOH 
and Na). The reaction mixture was stirred for 15–20 min at room temperature, MeOH 
was then removed in vacuum followed by drying the residue in high vacuum (0.05 
mbar, room temperature) for 1 hour. MeCN (0.5 mL per 1 mmol substrate) followed 
by the Me(CH2)2Br (1.0–1.1 equivalent) were added to the resulting sodium 
imidazolide at 0°C, and the reaction mixture was stirred for 5 hours at 0°C and 15 
hours at ambient temperature. After the completion of the first alkylation step (NMR-
control), the volatiles were removed in vacuum followed by the addition of the second 
alkylating reagent. After the completion of the second alkylation step (NMR-control), 
the residue was combined with the salt A (0.95 equivalent) in two-phase 
water/CH2Cl2 mixture and treated as described in GP1 furnishing the compounds 
3a,b.  
 
4.3.1. Synthesis of 1-propyl-3-ethylimidazolium bis(nonafluorobutane-1-
sulfonyl)imide (3a)  
The title compound was prepared from imidazole (1.00 g, 14.7 mmol), 
MeONa (0.83 g, 15.4 mmol) in MeOH (10 mL), Me(CH2)2Br (1.80 g, 14.7 mmol) as 
a first alkylating reagent in MeCN (8 mL), (EtO)2SO2 (2.16 g, 14.0 mmol) as a second 
alkylating reagent employed at 0°C to room temperature for 17 hours, and the salt A 
(8.61 g, 13.9 mmol), as described in GP2; yield 9.90 g (99%) as a clear yellow 
viscous liquid. 3a, 1H-NMR (400.23 MHz): δ 0.94 (3H, t, 3J = 7.4 Hz, CH2CH2CH3), 
1.52 (3H, t, 3J = 7.4 Hz, NCH2CH3), 1.89 (2H, sextet, 3J = 7.4 Hz, CH2CH2CH3), 4.14 
(2H, t, 3J = 7.4 Hz, NCH2CH2), 4.25 (2H, q, 3J = 7.4 Hz, NCH2CH3), 7.32 (1H, t, J = 
1.8 Hz) and 7.35 (1H, t, J = 1.8 Hz) (both CH=CH), 8.82 (1H, br. s, N–CH=N). 
13C-NMR (100.65 MHz): δ 10.2 (CH2CH2CH3), 15.0 (CH2CH2CH3), 23.4 
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(CH2CH2CH3), 45.2 (NCH2CH3), 51.5 (NCH2CH2), 121.9 and 122.3 (both CH=CH), 
135.2 (N–CH=N). 19F-NMR (376.59 MHz): δ –127.1 (4F, t*, J = 14 Hz, 2CF2-3), –
122.2 (4F, mc, 2CF2-2), –114.0 (4F,br. t, J = 14 Hz, 2CF2-1), –81.9 (6F, tt, J1 = 9.9 
Hz, J2 = 2.4 Hz, 2CF3); *further splitting due to the multiple 19F,19F couplings. MS 
(ESI positive, ion energy 0.3 eV), m/z (%): 139.1 [C8H15N2+] (100) and lighter 
fragments. MS (ESI negative, ion energy 0.3 eV), m/z (%): 580.0 [(C4F9SO2)2N–] 
(100) and lighter fragments. HRMS (FAB negative, Cs, 20 keV, direct, glycerin, m/z), 
found: 579.8994. Calculated (C8F18NO4S2–): 579.8976. 
 
4.3.2. Synthesis of 1-butyl-3-propylimidazolium bis(nonafluorobutane-1-
sulfonyl)imide (3b)  
The title compound was prepared from imidazole (1.021 g, 15.0 mmol), 
MeONa (0.851 g, 15.8 mmol) in MeOH (10 mL), Me(CH2)2Br (2.03 g, 16.5 mmol) as 
a first alkylating reagent in MeCN (7.5 mL), Me(CH2)3Br (2.62 g, 19.1 mmol) as a 
second alkylating reagent employed for 3 hours at 70°C, and the salt A (8.30 g, 13.4 
mmol), as described in GP2; yield 10.04 g (>99%) as a yellowish crystalline solid, 
melting point 36–37°C. 3b, 1H-NMR (400.23 MHz): δ 0.936 and 0.940 (both 3H, t, 3J 
= 7.4 Hz, CH2CH3), 1.34 (2H, sextet, 3J = 7.4 Hz, CH2CH3 of n-C4H9), 1.83 (2H, mc, 
NCH2CH2 of n-C4H9), 1.89 (2H, sextet, 3J = 7.4 Hz, NCH2CH2 of n-C3H7), 4.14 and 
4.17 (both 2H, t, 3J = 7.4 Hz, NCH2), 7.340 and 7.344 (both 1H, br. s, CH=CH) 8.82 
(1H, br. s, N–CH=N). 13C-NMR (100.65 MHz): δ 10.2 and 13.0 (both CH3), 19.2 and 
23.4 (both CH2CH3), 32.0 (NCH2CH2 of n-C4H9), 49.9 and 51.5 (both NCH2), 122.3 
(both CH=CH), 135.5 (N–CH=N). 19F-NMR (376.59 MHz): δ –127.1 (4F, t*, J = 
14 Hz, 2CF2-3), –122.2 (4F, mc, 2CF2-2), –114.0 (4F,br. t, J = 14 Hz, 2CF2-1), –81.9 
(6F, tt, J1 = 9.9 Hz, J2 = 2.3 Hz, 2CF3); *further splitting due to the multiple 19F,19F 
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couplings. MS (ESI positive, ion energy 0.3 eV), m/z (%): 167 [C10H19N2+] (100) and 
lighter fragments. MS (ESI negative, ion energy 0.3 eV), m/z (%): 580 [(C4F9SO2)2N–
] (100) and lighter fragments.  
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